We investigated a scenario in which M31 could be the remnant of a major merger and at the origin of the LMC. Galaxy merger simulations were run in order to reproduce some M31 properties. We succeeded in reproducing some of the most important M31 large-scale features like the thick disk or the polar ring, and gave a possible explanation for the formation of the Giant Stream. We also found that the LMC could be expelled by this high energetic phenomenon.
Introduction
Several observations suggest that the Andromeda galaxy could be the remnant of a major merger. M31 has a robustly classical and not pseudo bulge, which is an argument in favor of such a merger scenario, according to Kormendy et al. (2010) . van den Bergh (2005) also argued that due to the high metallicity of the M31 halo and the r 1/4 luminosity profile of the bulge, M31 is likely the result of a merger of two massive metal-rich ancestors. Conversely, there are several difficulties in reproducing the Giant Stream by a recent minor merger, according to Font et al. (2008) . For instance, they do not succeed in reproducing the metal-poor ([Fe/H]< −2) stellar population. In addition, a recent merger should have produced a fraction of young stars that is not detected. A last argument is given by Ferguson et al. (2005) . Around the Andromeda galaxy, several other features like shelves or clumps have been detected using deep exposures with HST/ACS. Ferguson et al. (2005) found a moderate range of age and metallicity in these structures, which suggest a simultaneous formation process.
Although a major merger seems to be a likely event in the M31 lifetime, other mechanisms are likely to occur in parallel such as minor mergers or gas accretion, and be at the origin of some M31 sub-structures.
Dating a possible major merger
We propose, from Figure 1 , a chronological history of the different structures in M31, as this figure can be used as a clock for determining the occurrence of merger phases as follows. The star formation history of a merging system is enhanced during the first passage until the fusion and then at the fusion itself (see Cox et al. 2008 ). During such a major merger event, most of the gas and stars in the remnant outskirts is deposited by tidal tails formed during the first passage and later during the fusion of the cores. A 2 S. Fouquet, F. Hammer, Y. B. Yang, J. L. Wang, M. Puech, H. Flores few hundred billion years after its formation, the tidal tail dilutes, provoking a natural quenching of the residual star formation (see Wetzstein et al. 2007 ). Thus, the age of the material brought by tidal tails provides, with a relatively small delay, possible dates for both the first passage and fusion times. In the following, we assumed that the first passage occurred from 8.5 to 9 Gyr ago, and that the corresponding tidal tails are responsible for the halo enrichment seen in the 21 and 35 kpc fields, without significant star formation more recent than 8.5 Gyr. The thick disk has a star formation history comparable to that of the Giant Stream and is also generated by material returning to the galaxy mostly from tidal tails generated at the fusion. Because their youngest significant population of stars has ages of 5.5 Gyr, the delay between the first passage and fusion ranges between 3 and 3.5 Gyr. This could be accommodated for by relatively large impact parameters (20-30 kpc). Ibata et al. (2005) , the large and thick rotating disk is a vast flattened structure with a major axis of about 4
• . Squares represent fields observed by Brown et al. (2006 Brown et al. ( , 2007 Brown et al. ( , 2008 , and are linked to their measurements by arrows. 
Simulation constraints and results
The GADGET2 hydrodynamical code (Springel, V. 2005) supplemented by star formation, feedback and cooling prescriptions ) was used. For simulating large scale aspects (thin and thick disk, B/T ratio, 10 kpc ring), low resolution are enough, typically ∼ 10 5 particles. However, we had to increase the number of particles for reproducing the Giant Stream, i.e, more than 5 × 10 5 . Other structures could not be simulated with such a resolution (like the double nucleus) because they require a much better spatial resolution. In addition, some features can be formed by minor mergers, or other mechanisms completely independent of the major merger process assessed here.
Observations strongly constrain the parameters of the simulations. The first constraints are the rotation velocity curve of the thin disk and the B/T ratio. According to M31 Major Merger, the LMC Pogenitor 
Hopkins et al. (2009)
, a mass ratio from ∼3:1 to ∼2:1 is required to produce a remnant bulge with B/T ∼ 0.3. Another constraint is the total baryonic mass for the progenitors, which must be close to the M31 baryonic mass, i.e., 1.1 × 10 11 M ⊙ . A prograderetrograde orientation for the spin axis was chosen, which is favourable to rebuild disk (see Hopkins et al. 2008) .
Considering the gas fraction, reforming an Sb-like thin disk demands high gas fraction just before the fusion, i.e more than 50%. As a result, low star formation and gas-rich progenitors, with more than 65% of gas, were used in order to keep enough gas before the fusion. These assumptions have theoretical grounds. It has been estimated that many high-z galaxies are gas rich, hence M31 progenitors should have a high gas fraction. Low star formation could be caused either by higher feedback efficiency in primordial medium, or because the gas in the progenitors is less concentrated than in present-day spirals as it is in present-day low-surface brightness galaxies, or because cooling is less efficient in a relatively pristine medium, or a combination of all these factors. More generally, the expected increase of the gas metal abundance (expected to be slow before the fusion but very efficient during the fusion) may help to increase the molecular gas fraction, the optical depth of the gas, and the radiation pressure effects, all contributing to a change in the star formation history during the interaction (T. J. Cox 2010, private communication) .
Another structure to be reproduced was the 10 kpc ring, which suggests a polar orbit. The last feature, the Giant Stream, is caused by particles coming back from the tidal tail formed just before fusion. Figure 2 describes the formation of such a structure that is aligned along the trajectory of the satellite which falls into the mass center at the fusion, 4.5 Gyr after the beginning of the simulation. We verified that, within the family of orbits we chose, the strength of the tidal tail (see Figure 2 , panel at 4.2 Gyr) depends on the inclination of the progenitors relative to the orbital angular momentum.
LMC could be ejected from Andromeda
The LMC has a particular status in the Local group: it is the only dwarf irregular within 250 kpc of the MW. With new velocity measures, close to 380 km/s (Kallivayalil et al. 2006) , and a distance from the Milky Way equal to 50 kpc, the idea that the LMC go past for the first time around the Milky Way was revived. By tracing back the LMC, it goes back far away from the MW. It results many configurations for which the LMC was close to M31 in the past; and could have been formed as a tidal dwarf during the merger event. The radial velocity between the MW and M31, ∼ 136 km/s, is known but the tangential one is not measured for the moment because it is too small. To test this idea, simulations were run with different values for the M31 tangential velocity and we were looked for which one the LMC would go back to M31 .
For a M31 proper motion equal to µ W = −62 µas.yr −1 , µ N = −25 µas.yr −1 in the equatorial system, the resulting tangential velocity is 106 km/s and the encounter between the LMC and M31 occurred 5.5 Gyr ago.
